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Abstract Validated biomarkers are needed to improve
risk assessment and treatment decision-making for women
with ductal carcinoma in situ (DCIS) of the breast. The
Oncotype DX DCIS Score (DS) was shown to predict the
risk of local recurrence (LR) in individuals with low-risk
DCIS treated by breast-conserving surgery (BCS) alone.
Our objective was to confirm these results in a larger
population-based cohort of individuals. We used an
established population-based cohort of individuals diag-
nosed with DCIS treated with BCS alone from 1994 to
2003 with validation of treatment and outcomes. Central
pathology assessment excluded cases with invasive cancer,
DCIS\ 2 mm or positive margins. Cox model was used to
determine the relationship between independent covariates,
the DS (hazard ratio (HR)/50 Cp units (U)) and LR. Tumor
blocks were collected for 828 patients. Final evaluable
population includes 718 cases, of whom 571 had negative
margins. Median follow-up was 9.6 years. 100 cases
developed LR following BCS alone (DCIS, N = 44;
invasive, N = 57). In the primary pre-specified analysis,
the DS was associated with any LR (DCIS or invasive) in
ER? patients (HR 2.26; P\ 0.001) and in all patients
regardless of ER status (HR 2.15; P\ 0.001). DCIS Score
provided independent information on LR risk beyond
clinical and pathologic variables including size, age, grade,
necrosis, multifocality, and subtype (adjusted HR 1.68;
P = 0.02). DCIS was associated with invasive LR (HR
1.78; P = 0.04) and DCIS LR (HR 2.43; P = 0.005). The
DCIS Score independently predicts and quantifies indi-
vidualized recurrence risk in a population of patients with
pure DCIS treated by BCS alone.
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Introduction
Ductal carcinoma in situ (DCIS) is a non-invasive form
of breast cancer that comprises up to 25 % of mam-
mographically detected breast cancers [15]. The goals of
treatment are to minimize the risk of local recurrence
(LR) and invasive breast cancer while maximizing breast
preservation. Most women with newly diagnosed DCIS
will be treated with breast-conserving surgery (BCS)
with or without radiation treatment (RT). Randomized
trials have demonstrated that adding RT after surgical
excision reduces the relative risk of LR by *50 % [7, 8,
11, 14, 16, 17, 19, 38, 42]. However, only one-half of
DCIS patients treated by BCS receive RT, perhaps
reflecting clinicians’ assumption that women at low risk
of recurrence following treatment by BCS alone can be
accurately identified [6, 20, 22]. To date, reproducible
and reliable methods using clinico-pathologic features to
identify patients at low risk of LR following BCS alone
have not been established and there is a need to improve
individualized treatment decisions to minimize both
under and over treatment [1, 9, 21, 35, 37, 45, 46]. The
2009 National Institutes of Health State-of-the-Science
Conference included the recommendation that future
research on DCIS focus on the development and vali-
dation of risk stratification models to optimize treatment
recommendations for each individual diagnosed with
DCIS [1].
The Oncotype DX DCIS Score is a multigene
expression assay for DCIS patients that generates individ-
ualized estimates of 10-year risk of any LR (DCIS or
invasive) and invasive LR following treatment by BCS
alone [39]. The DCIS Score is generated from an algorithm
that includes 12 (seven cancer related and five reference
genes) of the 21 genes in the Recurrence Score assay [30].
The continuous DCIS Score was shown to predict an
individual’s risk of LR in the Eastern Cooperative Oncol-
ogy Group (ECOG) E5194 prospective cohort study of
low-risk DCIS treated by BCS alone [39]. However, par-
ticipants in ECOG 5194 were highly selected for having
DCIS with an expected low risk of LR. Additional data
from a diverse population of women with DCIS treated by
BCS alone is desired to confirm the prognostic ability of
the DCIS Score. The objective of this study is to evaluate if
the DCIS Score is an independent predictor of LR in a




The methods used to establish the Ontario population-
based DCIS cohort have been previously described [32].
The study population includes 5752 women diagnosed with
DCIS. Cases treated by mastectomy (N = 1785) or diag-
nosed with invasive breast cancer within 6 months of DCIS
diagnosis (N = 172) were excluded. There were 3795
cases with DCIS treated by BCS (alone or with RT). 628
cases were excluded following pathology review (494 had
invasive cancer or microinvasion, 100 had benign diag-
nosis and 34 had LCIS). We excluded six cases with
bilateral DCIS, eight cases with prior mastectomy and one
case who died within 6 months of DCIS diagnosis. 182
cases initially diagnosed as LCIS were found to have DCIS
following pathology review of cases with LCIS and were
added to the DCIS cohort. The population cohort includes
3320 cases with pure DCIS; 1658 treated by BCS alone and
1662 by BCS ? RT.
Pathology
We performed a centralized pathology review in 2720
cases of the population cohort by an expert breast pathol-
ogist. Pathology review was performed on original H&E
slides, using recuts when available and core biopsies in
cases with no residual disease on excision. If slides were
not available, the original report was abstracted. Nuclear
grade (low, intermediate, high, unreported), comedo
necrosis (present/absent), multifocality (present/absent),
tumor size (mm/unreported), and margin status (positive,
negative, unreported) was assessed [27]. Margin status was
defined as ‘‘positive’’ if there were tumor cells identified at
the inked resection margin. Multifocal lesions were defined
as having more than one distinct focus of DCIS with at
least 5.0 mm of intervening benign tissue, confined to a
single quadrant of the breast [36]. Tumor size and margin
width could not be assessed without slides for all the blocks
or where the gross description was incomplete.
Treatment
To obtain data on treatment and outcomes, deterministic
linkage was performed with the Canadian Institute for
Health Information (CIHI) database of hospital discharge
summaries, the Ontario Health Insurance Plan (OHIP)
database of physician billings, the Registered Persons
Database (RPDB) and the Ontario Cancer Registry (OCR)
database [33]. For each case, we identified all breast sur-
gical procedures with validation by chart review or
390 Breast Cancer Res Treat (2015) 152:389–398
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pathology review. The date of diagnosis is the date of the
initial breast surgery associated with the DCIS diagnosis.
Tamoxifen usage in women C65 years was identified in the
Ontario Drug Benefit database. Tamoxifen usage in women
\65 years of age was not available.
Outcomes
Outcomes were determined from the date of diagnosis of
DCIS. We identified breast surgical procedures performed
more than 6 months after diagnosis, linked with the OCR
and CIHI databases and reviewed available pathology
reports to determine recurrence laterality and histology. LR
is defined as invasive breast cancer or DCIS in the ipsi-
lateral breast 6 months after DCIS diagnosis. To include
individuals with invasive LR after an initial DCIS LR, no
censoring at time of initial DCIS LR was performed.
Contralateral breast cancer is defined by the presence of
DCIS or invasive breast cancer in the opposite breast. The
date of death was determined from the RPDB. The last date
of follow-up is March 31, 2010.
Gene assay
Cases with DCIS lesions\2 mm were excluded and non-
DCIS elements were manually micro-dissected to enrich
DCIS [39]. RNA was extracted from 30 lm sections if
DCIS measured C5.5 mm, or from 60 lm micro-dissected
sections if DCIS measured\5.5 mm. The Oncotype DX
Breast Cancer Assay was performed as previously descri-
bed [12, 13, 30]. TaqMan PCR reactions were conducted
in 384-well micro titer plates on Roche LightCycler 480
(Roche Diagnostics, Indianapolis, IN), and gene expression
was quantified by the second derivative maximum, Cross-
ing point, (Cp) method, in accordance with manufacturers
instruction.
The DCIS Score (12 genes) is scaled as a continuous
variable from 0 to 100, and is derived from the reference
normalized gene expression measurements in four pre-
specified steps, as reported previously [39]. Three risk
categories used in prior studies were pre-specified for this
study: (1) low-risk (DCIS Score\ 39); (2) intermediate-
risk (DCIS Score 39–54); and (3) high-risk (DCIS
Score C 55).
Statistical analysis and study endpoints
Study methods, DCIS Score algorithm, and statistical
analysis plan were finalized before the study was con-
ducted [39]. The primary objective was to determine
whether the DCIS Score is associated with the risk of
any LR (DCIS or invasive) in patients treated with BCS
alone with negative margins. A secondary analysis
included patients with positive/unknown margins. The
primary analysis was conducted in two stages: (1)
restricted to cases with estrogen receptor (ER)-positive
DCIS as determined by RT-PCR and (2) for all patients
regardless of ER status. Conditional fixed sequential
(hierarchical) hypothesis testing was utilized to preserve
the overall family wise type I error rate for the primary
analysis at the 0.05 level [44]. The association was
tested in each case using Cox proportional hazards
models, and statistical significance was based on a
likelihood ratio test with P B 0.05. Secondary analyses
examined the association of the DS with invasive LR
and with DCIS LR. For the secondary analyses of DCIS
LR, patients were censored at the time of invasive LR,
and for the analyses of invasive LR, patients continued
to be followed for invasive LR following a DCIS LR. A
limited number of clinico-pathologic variables were pre-
specified for subgroup analyses and potential covariate
adjustment. To assess the independent association of the
DCIS Score with LR with adjustment for other clinico-
pathologic characteristics using multivariable Cox models
with a P value cutoff of 0.05. Spearman correlations
were computed to assess the association between DCIS
Score and clinico-pathologic characteristics. Diagnostics
based on Martingale and Schoenfeld residuals supported




The population cohort includes 3320 individuals with pure
DCIS (Fig. 1). There were 1658 cases treated by BCS
alone (N = 1061 with negative margins). Median follow-
up was 9.6 years. We obtained tissue blocks for 828
patients treated with BCS alone (50 % of provincial
cohort) and for each case an optimal representative tissue
block was sent for gene analysis. 110 cases were excluded:
10 with no evidence of DCIS, four with evidence of
invasive carcinoma on further analysis, 68 cases with
insufficient RNA and 28 cases with poor qPCR sample
quality.
The final evaluable study cohort includes 718 cases
treated by BCS alone; of these 571 cases had negative
margins (Table 1). The median age at diagnosis was
61 years. There were 100 LR events [N = 44 DCIS,
N = 57 invasive (one case developed invasive LR after
DCIS LR)]. The overall 10-year rate of LR was 19.2 %. A
comparison of characteristics of individuals included in the
study cohort to those not included is listed in Supplemen-
tary Table 1.
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Predictors of local recurrence
In the pre-specified primary analysis, the DCIS Score was
significantly associated with the risk of LR in patients with
ER-positive DCIS treated with BCS alone with negative
margins (hazard ratio [HR] 2.26; 95 % CI 1.41, 3.59;
P\ 0.001; Table 2). The DCIS Score was also associated
with LR in all patients treated by BCS alone with negative
margins irrespective of ER status (HR 2.15; 95 % CI 1.43,
3.22; P\ 0.001; Table 2). Since 94.7 % of patients treated
with BCS alone had ER-positive DCIS (by RT-PCR), data
for all cases regardless of ER status is presented (Fig. 2,
panels a, b). The DCIS Score was also significantly asso-
ciated with invasive LR (HR 1.78; 95 % CI 1.03, 3.05;
P = 0.04) and DCIS LR (HR 2.43, 95 % CI 1.31, 4.42;
P = 0.005) (Table 2). On univariable analysis, other fac-
tors associated with the development of LR include the
presence of multifocality, tumor size, subtype, nuclear
grade, and comedo necrosis (Supplemental Table 2).
On multivariable analysis significant predictors of LR
include the DCIS Score (HR 1.68; 95 % CI 1.08, 2.62), the
presence of multifocality (HR 1.97; 95 % CI 1.27, 3.02),
tumor size[ 10 mm (HR 2.07; 95 % CI 1.15, 3.83), age at
diagnosis (HR 1.75; 95 % CI 1.07, 2.76), and architectural
subtype (HR 1.63 solid vs. cribriform; 95 % CI 0.97, 2.88).
Comedo necrosis and grade were not independent predic-
tors of LR (Table 3). As a secondary analysis without
restrictions on margin status (N = 718), there were 147
patients with positive/unknown margins. Adjusting for
margin status, the HR for DCIS Score was 2.11 (95 % CI
1.43, 3.09; P\ 0.001).
Local recurrence by DCIS Score risk group
Two-thirds (62.2 %) of women in the study cohort had a
low risk score, 16.6 % had an intermediate risk score and
21.2 % had a high risk score. The 10-year rates of LR were
12.7, 33.0, and 27.8 %, respectively (log rank P\ 0.001)
(Fig. 2, panel a). The corresponding 10-year rates of
invasive LR were 8.0, 20.9 and 15.5 % (P = 0.03) (Sup-
plemental Fig. 1, panel a) and DCIS LR were 5.4, 14.1 and
13.7 % for DCIS LR for the low, intermediate and high
DCIS Score groups, respectively (P = 0.002) (Supple-
mental Fig. 1, panel b).
We refit the multivariable model using a dichotomous
indicator for the DCIS risk groups. The hazard ratio for
cases in the intermediate/high DCIS Score group compared
to those in the low-risk group was 1.88 (95 % CI 1.24,
2.87; P = 0.003). The 10-year rate of contralateral breast
cancer in the BCS alone group with negative margins was
4.8 %. There was no difference in the rates of contralateral
breast cancer (DCIS or invasive) according to risk group.
Subgroup analyses
We evaluated the rates of LR by age at diagnosis and the
presence of baseline pathological features of DCIS. With
the exception of the presence of multifocality, individuals
in the low DCIS Score group had lower 10-year rates of LR
than those in the intermediate or high score groups (Fig. 3).
Excluding individuals with multifocal DCIS, the 10-year
rates of LR for the low, intermediate and high DCIS Score
groups were 9.7, 27.1, and 27.0 % (log rank P\ 0.001)
(Supplemental Fig. 2, panel a); the corresponding 10-year
rates of invasive LR were 5.6, 16.7, and 16.3 %
(P = 0.02); and, the 10-year rates of DCIS LR were 4.3,
11.4, and 12.1 %, respectively (P = 0.02). (Supplemental
Fig. 2, panels b, c).
The DCIS Scores were weakly correlated with age at
diagnosis and pathological features of DCIS (correlation
coefficients ranged from (-0.03 to 0.47) (Supplementary
Fig. 4, panels a–f).
Tissue provided to GHI
BCS alone N=828
Final evaluable population
BCS alone N=718 (571 negative margins)
110 Histology and Lab exclusions 
No tumor: 10 
Invasive carcinoma: 4
Insufficient RNA: 68 
qPCR Sample Quality: 28 
Clinically eligible DCIS patients
BCS alone N=1658 (1061 negative margins)
Fig. 1 Consolidated standards
of reporting trials flow diagram
for study numbers. DCIS ductal
carcinoma in situ, GHI Genomic
Health, Inc., BCS breast-
conserving surgery
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Discussion
This study validates that the DCIS Score is significantly
associated with the risk of LR (DCIS or invasive) in a
population of patients diagnosed with pure DCIS treated
with BCS alone with negative margins. We also found the
DCIS Score is associated with the risk of invasive LR and
DCIS LR and provides independent information on the risk
of LR in individuals selected for treatment by BCS alone.
Most women diagnosed with DCIS will be candidates
for BCS. The decision to recommend additional treatment
such as radiation relies on estimates of the baseline risk of
LR following treatment by BCS alone. For individuals
estimated to have low LR risk, guidelines include the
option for treatment by BCS alone; however, the ability to
identify individuals at low risk of recurrence after treat-
ment by BCS has been inconsistent. Current clinico-
pathologic criteria do not reliably identify individuals with
a low risk of LR [29]. As a result, studies report that
30–50 % of individuals with DCIS are treated by BCS
alone including some individuals with higher risk DCIS
who do not meet the eligibility criteria of the ECOG 5194
or RTOG 9804 clinical trials for low-risk DCIS [6, 22, 23,
32, 43]. In E5194 the 10-year LR rate among cases with
low- or intermediate-grade DCIS and tumor size B 2.5 cm
was 14.6 and 19.0 % for those with small (B1 cm) high-
grade DCIS [39]. Our population-based cohort includes
individuals with confirmed pure DCIS selected for treat-
ment by BCS alone and despite having lower risk features
compared to those treated with RT, the 10-year risk of LR
was 19.2 % demonstrating that clinico-pathologic criteria
alone are insufficient to reliably identify individuals with a
low risk of recurrence [32].
Individuals in our population cohort were not as highly
selected as those in the ECOG E5194 study; for example,
32 % had high-grade DCIS, 45 % had margin width
between 1 and 3 mm. Despite these differences, the risks of
LR in each pre-specified DCIS risk group were remarkably
similar. The 10-year rates of LR for cases with low,
intermediate or high scores were 12.7, 33.0, and 27.8 %
compared to 10.6, 26.7 and 25.9 % reported in the E5194
analysis, respectively. These findings validate the DCIS
Score as a predictor of LR in a more diverse, population-
based cohort compared to participants of the E5194 study.
The DCIS Score was not strongly correlated with age at
diagnosis, or pathologic features of DCIS. On multivariable
Table 1 Patient and tumor characteristics for patients with pure
DCIS treated by breast-conserving surgery alone with negative
resection margins
Characteristic BCS alone (N = 571)
Age (median years) 61
Age categorya
\50 years 110 (19.3 %)
C50 years 459 (80.7 %)
Multifocality
Absent/not reported 457 (80.0 %)
Present 114 (20.0 %)
Nuclear grade
Low 55 (9.6 %)
Moderate 332 (58.1 %)
High 184 (32.2 %)
Comedo necrosis
Absent 221 (38.7 %)
Present 350 (61.3 %)
Tumor size category
Missing 281 (49.2 %)
[10 mm 140 (24.5 %)
B10 mm 150 (26.3 %)
Subtype
Solid 358 (62.7 %)
Cribriform 175 (30.6 %)
Micropapillary 11 (1.9 %)
Other 27 (4.7 %)
DCIS Score group
Low 355 (62.2 %)
Intermediate 95 (16.6 %)
High 121 (21.2 %)
ER status
Negative 30 (5.3 %)
Positive 541 (94.7 %)
HER2 Status
Negative 420 (73.6 %)
Equivocal 51 (8.9 %)
Positive 100 (17.5 %)
a Two patients were missing age
Table 2 Association of the DCIS Score and the development of local
recurrence in patients treated by breast-conserving surgery alone with
negative resection margins: univariable analysis
Endpoint HR/50 U (95 % CI)* P value*
Local recurrence in ER? DCIS 2.26 (1.41, 3.59) \0.001§
In all patients regardless of ER status
Local recurrence 2.15 (1.43, 3.22) \0.001§
Invasive local recurrence 1.78 (1.03, 3.05) 0.04
DCIS local recurrence 2.43 (1.31, 4.42) 0.005
* Profile likelihood CI, likelihood ratio P value
§ The primary analysis in patients treated with BCS alone with
negative margins was conducted hierarchically in two stages: stage 1
in ER? patients and stage 2 in all patients regardless of ER status
Breast Cancer Res Treat (2015) 152:389–398 393
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analysis, other factors associated with the development of
LR include the presence of multifocality, tumor size, age
\50 years at diagnosis and subtype. Nuclear grade and
comedo necrosis were not independent predictors of LR on
multivariable analysis after adjustment for other charac-
teristics. The significance of nuclear grade as a predictor of
LR has not been consistently identified in past studies [10,
26, 39]. This may be related to the correlation of grade with
other pathological features, variability of grading systems,
inter-observer variability, or heterogeneity of grade within
a DCIS lesion [4, 18, 28, 39].
There was consensus among the expert breast patholo-
gists involved in this study to a priori define the presence of
multifocal DCIS as the presence of at least two foci of
DCIS separated by at least 5 mm [36]. In a previous
analysis based on an institutional cohort, we found that the
presence of multifocal DCIS was an independent predictor
of LR [34]. We used the same definition in order to eval-
uate the impact of multifocality on the risk of LR in the
population cohort. Using the predefined definition, 20 % of
patients in the population cohort had multifocal DCIS. The
10-year risk of LR was 33.6 % for those with multifocality
compared to 15.5 % for those without multifocal disease
(adjusted HR 1.97; 95 % CI 1.27, 3.02; P = 0.003). The
reasons why individuals with multifocal DCIS experienced
a higher risk of LR are unclear. It is possible that the
presence of multifocality is associated with a greater bur-
den of residual disease or it may be a marker of molecular
heterogeneity [3]. Among individuals without multifocal-
ity, the 10-year risk of LR among individuals with a low
DCIS score was 9.7 % compared to 27.1 and 27.0 % for
those with intermediate and high risk scores, respectively.
There are noteworthy clinical implications regarding our
findings. Currently, the eligibility criteria for the E5194
and RTOG 9804 studies is used by clinicians to identify
individuals with an expected low risk of LR following BCS
121 104 92 83 61 42
95 77 66 63 48 30






































( 9.5% to 16.9%)12.7%355
(23.6% to 44.8%)33.0%95
(20.0% to 37.8%)27.8%121
N    10-Year Risk (95% CI)
a b
Fig. 2 Kaplan–Meier estimates of the 10-year risk of local recur-
rence by DCIS Score Group (a) and Cox model estimates of 10-year
local recurrence risk according to the continuous DCIS Score (b), in
patients treated with BCS alone and negative margins. The number of
patients at risk is included for each pre-specified risk group based on
the DCIS Score of low (\39), intermediate (39–54) and high ([55).
The risk based on continuous DCIS Score assumes a monotone
incremental risk as DCIS Score increases. Although formal statistical
tests for non-linearity were negative, the Kaplan–Meier estimates
suggest that a non-linear effect is plausible
Table 3 Predictors of local recurrence in patients with DCIS treated
by breast-conserving surgery alone with negative resection margins:
multivariable analysis
Characteristic N HR (95 % CI)* P value*
DCIS Score (HR/50 U) 571 1.68 (1.08, 2.62) 0.02
Multifocality 0.003
Absent/unknown 457 1.0
Present 114 1.97 (1.27, 3.02)
Tumor size 0.01§
B10 mm 150 1.0
[10 mm 140 2.07 (1.15, 3.83)
Age 0.03
C50 459 1.0
\50 110 1.75 (1.07, 2.76)
DCIS tumor subtype 0.04
Cribriform 175 1.0
Solid 358 1.63 (0.97, 2.88)
Other 38 2.75 (1.17, 6.04)
* Profile likelihood CI, likelihood ratio P value
§ P value is for tumor size in cases where it is available
 Missing values included as an indicator variable (not shown)
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(age[ 50 years, nuclear grade 1 or 2, margins[ 3 mm).
For these women the role of routine radiation continues to
be debated. Our results suggest that the DCIS Score can be
of clinical utility particularly for individuals with low-risk
features of DCIS to identify those at higher risk of recur-
















































































































































10-Year Risk of Local Recurrence (%)
Fig. 3 Subgroup analyses of
the 10-year LR risk by DCIS
Score Group. The left side of the
figure show the Kaplan–Meier
estimates of the 10-year risk of
any local recurrence (with 95 %
CI) according to the DCIS Score
pres-pecified risk groups. Blue
boxes are estimates for the low
DCIS Score risk group and are
generally to the left of the
overall LR rate of 19.2 %.
Green boxes are estimates for
the intermediate DCIS Score
risk group. Red boxes are
estimate for the high DCIS
Score risk group and are
generally to the right of the
overall LR risk estimate. The
box size is proportional to the
number of patients. The right
side of the figure shows the
hazard ratios for LR risk, with
95 % CIs. The hazard ratios are
calculated for a 50-point
difference in the continuous
DCIS Score
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the DCIS Score provides individualized estimates of
recurrence risk. This can help clinicians and patients better
weigh recurrence risks against the potential benefits and
toxicities of treatment.
The present study has several notable strengths. The
study cohort is population-based and includes a more
diverse population of individuals with DCIS selected for
treatment by BCS alone. We performed an extensive,
systematic pathologic review by expert breast pathologists
using contemporary classifications to confirm the diagnosis
of pure DCIS and a rigorous, predefined statistical analyt-
ical plan, including pre-specified cut-points for the DCIS
Score and study objectives. We applied the same pre-
specified cut-points for the DCIS Score used in the E5194
analysis and found that the DCIS Score is valid in a pop-
ulation of women with DCIS. The low-risk group appears
to have a lower risk of LR than those in the intermediate or
high-risk group (HR 0.53, 95 % CI 0.34, 0.80) (the study
was not powered to evaluate difference between the
intermediate and high-risk group). In addition, for the low-
risk group, we did not observe a lower risk of LR with
lower cut-points. We did observe a significant decrease in
the rate of LR over time. However, for each time period,
individuals in the low-risk DCIS Score group had a sig-
nificantly lower risk of LR than those in the intermediate or
high-risk groups. There was no interaction between the
DCIS Score and year of diagnosis and the DCIS Score
remained significantly associated with the risk of LR on
multivariable analysis adjusting for year of diagnosis. The
10-year risk LR among individuals treated in year
2000–2003, with median follow-up interval was 7.9 years,
was 12.1 %; for those in the low-risk DCIS Score group
treated during this time period without multifocality, the
10-year risk of LR was 5.8 % (2.9–11.3 %) compared to
20.7 and 22.4 %, (P = 0.03) for the intermediate and high-
risk DCIS Score groups.
The study has several potential limitations. Patients
were not randomized and were selected for treatment by
BCS alone based on clinico-pathologic features and patient
preference. During the time interval of this study, many
pathology reports lacked tumor size and resection margin
width information [31, 40]. Therefore, margin width and
tumor size data were incomplete. In addition, data on
clinical presentation or family history of breast cancer
which may predict for LR were not available [24].
Tamoxifen utilization during the time period of this study
was limited. Complete data on tamoxifen usage (in younger
women) was not available. Among women older than
65 years, only 17 % received tamoxifen and compliance
was not available. However, 95 % of cases treated with
BCS alone had ER-positive DCIS and therefore slightly
lower event rates might be expected with tamoxifen
administration [2, 5, 25].
In summary, we confirm that the DCIS Score indepen-
dently predicts the risk of LR in a population of individuals
with DCIS who were treated with BCS. The DCIS Score
quantifies individualized risk of LR which can help guide
treatment recommendations and help reduce over treatment
for women at low risk and under treatment for those with a
significant risk of recurrence who may benefit from further
treatment.
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